Background: Historically, abdominal ultrasound is the study of choice for diagnosing cholelithiasis, whereas HIDA scan is the study of choice for diagnosing acute cholecystitis. With improvements in ultrasound technology over the past two decades, we sought to reevaluate the clinical utility of HIDA scan over ultrasound alone in diagnosing cholecystitis.
Introduction
Gallbladder disease is a common problem, particularly in the United States and other western countries [1, 2] . It is estimated that 20 -25 million Americans have gallstones, roughly 10-15% of the adult population [3] . Of these, 10-20% become symptomatic, often requiring cholecystectomy. Gallbladder disease represents a major health burden, with direct plus indirect costs of approximately $ 6.2 billion annually in the United States [4] .
Acute cholecystitis accounts for 3-9% of hospital admissions for acute abdominal pain [5] . Historically, ultrasound is considered the study of choice for diagnosing cholelithiasis, and HIDA (hepatobiliary iminodiacetic acid) scan is the study of choice for diagnosing acute cholecystitis, given the superior sensitivity and specificity of each test for its respective diagnosis [6] . In the past several decades, there have been technological improvements in ultrasound imaging, resulting in improvements in spatial and contrast resolution [7] . The aim of our study was to reevaluate whether HIDA scan adds to the diagnostic accuracy of contemporary ultrasound alone in patients with suspected cholecystitis.
Materials and Methods
We performed an IRB-approved retrospective review of patients presenting with presumed cholecystitis between 2007 and 2010, through the Emergency Department at a 600-bed academic medical center. We identified 154 patients who underwent abdominal ultrasound and HIDA scan, and subsequently proceeded to cholecystectomy. Ultrasound results were compared to those of the HIDA scans, using the pathology findings following cholecystectomy as the gold standard for the diagnosis of cholecystitis.
Ultrasounds of the right upper quadrant of the abdomen at our institution were performed using the Philips Healthcare iU22 ultrasound system (Bothell, WA, USA). Images generated included views of the gallbladder from transverse and longitudinal perspectives, identification of gallstones and/or sludge, and measurements of gallbladder wall thick- ness and diameter of the common bile duct. Ultrasound criteria for acute cholecystitis included: gallbladder wall thickening 3 mm or greater, the presence of pericholecystic fluid, or a sonographic Murphy's sign.
Acute cholecystitis on HIDA scan was defined as nonvisualization of the gallbladder at four hours. At our institution, a 4 mCi bolus of Tc-99m-mebrofenin was used as the biliary contrast for HIDA scans. If the gallbladder was not visualized by sixty minutes, morphine was administered to hasten visualization of the gallbladder if the cystic duct was not obstructed.
Pathological criteria for the diagnosis of acute cholecystitis included evidence of acute inflammation on macroscopic evaluation, such as congestion, edema, serositis, and fibrin deposition on the gallbladder surface, as well as the microscopic presence of hyperemia, polymorphonuclear neutrophils, and edema. Chronic cholecystitis was diagnosed based on appearance of prior inflammation, including fibrin deposition and wall thickening (in particular, the muscularis propria). Microscopically, the presence of Rokitansky-Aschoff sinusosis, metaplastic epithelial changes, macrophages, lymphocytes, and plasma cells were diagnostic of chronic cholecystitis. The diagnosis of mucosal autolysis was considered a finding associated with bile stasis. Chronic cholecystitis and mucosal autolysis included in our definition of cholecystitis.
We used the pathological diagnosis of cholecystitis to assign each ultrasound and HIDA scan result a true/false and negative/positive value. We then calculated descriptive statistics including sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy for each of the two tests. P values were obtained using ChiSquared tests.
Results
Patient ages ranged from 16 -91 years old with an average age of 55 years. Of 154 patients, 44 had evidence of acute cholecystitis, 93 had evidence of chronic cholecystitis, 8 had mucosal autolysis, and 9 had no histologic evidence of any form of cholecystitis. The contingency table and calculated descriptive statistics are in Table 1 . While HIDA scan demonstrated a greater sensitivity, specificity, and accuracy in diagnosing cholecystitis compared to ultrasound, the PPV of both were 96% (P = 1).
Discussion
Literature has shown that ultrasound has a sensitivity of 84-97% for diagnosing cholelithiasis [6] , and a more variable sensitivity ranging from 48-94% for diagnosing acute cholecystitis [6, 8, 9] . On the contrary, HIDA scan has a sensitivity of 86-100% for diagnosing acute cholecystitis [6, 8, 9] . Ultrasound has therefore been the study of choice for diagnosing cholelithiasis for the past 3 decades, and HIDA scan has become the study of choice for diagnosing acute cholecystitis. With improvements in ultrasound technology, we sought to re-evaluate whether a HIDA scan is necessary for the patient with acute biliary colic symptoms and an ultrasound that shows gallstones, as well as sonographic features of cholecystitis. We hypothesized that HIDA scan is not necessary, as sonographic features of cholecystitis, when present, are highly predictive of cholecystitis, obviating the need for further imaging. Our study provides an updated comparison of ultrasound vs. HIDA scan, and suggests that ultrasound alone has a PPV of 96% for diagnosing cholecystits compared to a PPV of 96% for HIDA scan.
The added cost of a HIDA scan, shown in Table 2 , and the delay in definitive early surgical intervention for acute cholecystitis while awaiting HIDA scan should also be considered. Early cholecystectomy has been shown to decrease hospital lengths of stay, complications, and healthcare costs [10] [11] [12] [13] [14] [15] [16] . Moreover, the decision to proceed with urgent vs. elective cholecystectomy should be based not only on ul- When considering the results of our study, we acknowledge certain limitations, the first of which would be the retrospective nature of our investigation. Like many similar studies that use surgical findings to confirm diagnoses, our study is affected by verification bias (also called workup bias), introduced by the fact that our gold standard test (cholecystectomy) was performed based on the findings of the tests being evaluated (ultrasound and HIDA). Next, while within the range of reported literature [6, 8, 9] , our sensitivity of diagnosing cholecystitis by ultrasound may have been adversely impacted by the fact that clinical context (fever, leukocytosis, Murphy's sign on physical exam) was not accounted for in our analysis. In addition, the patients selected for this study were initially identified based on having undergone a HIDA scan, prior to researching ultrasound results and operative data. This certainly introduced a selection bias, as many patients who present with definitive ultrasound findings of acute cholecystitis in an adequate clinical context may not then undergo a HIDA scan.
Despite these limitations, our study indicates that HIDA scan is still superior to ultrasound in diagnosing cholecystitis, having a higher sensitivity, specificity, and accuracy than ultrasound, but with a similar PPV. Given the increasing availability of ultrasound imaging, as well as the increasing proficiency of medical personnel in performing this diagnostic test, ultrasound has the potential of becoming a true extension of the physical exam, rendering other tests unnecessary in the diagnosis of specific conditions, such as cholecystitis. Finally, such findings are particularly relevant and timely in the era of increased awareness to healthcare costs. 
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